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Executive Summary — Global Change Monitoring «»)

A Spacecraft like the Mars Reconnaissance Orbiter (MRO) scan the entire surface of Mars every few days at high resolution
A Yet only a handful of pre-selected images per day can be sent back to Earth due to limited communications bandwidth

ATransient science (active surface change) is rarely captur
A Fresh Impacts, rockfall, dust devils, araneiforms, active gulleys, recurring slope linea, active transverse aeoliangidgéift, events, etc.

A Conventional change detection requires a before and after picture for differencing
AGl obal case would need the whole planet stored onboard as
A Innovation: Use (2) onboard science autonomy capabilities to globally capture & monitor high-impact transient science targets

1) Store highly summarized representations of surface (rather than raw pixels) onboard and identify change in summary
Agnostic to expectation, can find new kinds of change at many spatial scales

2) Directly recognize known kinds of active/recent transient events in still images
Identify, map, and return cutouts of nés data only around targets of interest

A Outcome: Demonstrated utility of system via AMission into the
Impacts in the existing MRO CTX image collection

(today)
; (tomorrow) I

§ Few big images / day

Il SNBQa o6KIFG OKlLy
M Would you like to downlink?




@h@ﬂﬂ@m}g@o Changing Planet, minimal downlink 4

Why transient science matters? Direct change detection on Earth? Simple!

A Seismic activity _ A Align two images pixébr-pixel
A Regolith geomechanical properties A Difference them

A Active aeolian processes / wind characterization

A Replenishmentp/ transport of atmospheric dust A [ 2 2 F2NJ O KI YEI S X QZ A f
A Subsurface composition 3
A Modern planetary bombardment rate
A CQ & water ice transport via sublimination and meli
A Dry vs. wet erosive processes

A Broader implications for planetary chronology

For a single 17-day MRO repeat cycle
Single global mosaic of Mars ~400 TB (~2 Gbps)
Downlink possible ~0.3 TB (~1.5 Mbps)

State of Art: Exhausting Manual Search ~ Planetary Change Detection? Hard.
Missed findings, unscalable human effort AllyQi aSyR ol O] #6K2f ¢
d A Especially repeatedly via overpasses
AlrryQld aGd2NB gK2tS LX |
Al Sy0Sz RANBOG OKIFy3aS
A How to recognize, capture, and characterize
global Martian change?

(courtesyVaneltinBickel)



Innovation: Onboard Summarization for Science ¥

Onboard Image Quality & Image-based
Compute & Relevance Geolocation
Storage Check
~ Laptop w/ Image Quality Better than DSN
5 TB Drive Report ephemeris
(courtesyPixabayree graphics) (courtesy NASA) (coultesyPixabayree graphics)
Downl.ink Operational
Bandwidth :
Science
Planning

(courtesy NASA)

New awareness
of global change
Innovative Concepts R

A Leverage Upcoming Space Computing

A Leave camera on & process everything

A Trustable science autonomy

A Store contentbased summarizations

A Perform change detection between summaries

A Can now trade onboard compute for bandwidth!

A Many kinds of change can be captured

Global Image
Summarization

Known Target
Identification

Recognizably Fit global content
transient-related into Iaptop )
MIC project)

(courtesy NASA) (courtesy CO:

Compare to
Past Summaries

Global Change
Report

Characterize
changes seen

(courtesy NASA)

Inform & Support
Science Team

(courtesyPixaBayree graphics)

Scientists in Control

A Scientists reconfigure COSMIGtha-fly

A COSMIC sends reports on global change

A Scientists more informetb react:
A Request targeting of observed change’
A Request tiny snapshots already waiting
A Request highres monitoring of a site?

A Camera + compute + COSMIC is new smart instrumenth Miss a comm pass? COSMIC keeps working.



